In this paper, two different approaches in analyzing the tractor lifetime assessment are presented. The first one is based on reliability theory and the other one is based on the relevant experience that was implemented in the ASABE standards. In this way, the dependence of tractor reliability and lifetime on working conditions is presented through two models verified in the paper. Tractors from two different producers were analyzed. Experimental data were collected during the tractor working engagement at the fields of Agricultural Corporation Belgrade (ACB). Analyzing the obtained data it is possible to find the mismanagement in the tractor usage. Removing them it is possible to extend the period of tractor utilization. In this way the overall organization of tractor-machinery system on a farm can significantly be improved.
Introduction
Tractors are one of the most used power units on the agricultural farms. Apart from agriculture, they are used as basic or drive machines in the mining and construction engineering systems. Tractor working environment varies significantly from one place to another so it is very difficult to estimate its influence on the tractor overall lifetime. Calculation of operational life of complex machines, despite designer's effort, is performed using some probability prediction model, which is based on assessment made by experienced designers and analogies with existing machines and experiences gained during their operation, including corrections related to differences of installed equipment. Anyhow, exact calculation of the operational life during design is not possible, hence it is about aspired operational life (Polovina et al 2010) . During systems operation, based on the working and maintenance parameters it is possible to accurately define reliability and remaining capability of technical system. It is also possible to define the critical condition when the system does not fulfil its functionality. In Ebramhimipour & Suzuki (2006) , the effectiveness was defined as overall indicator which contains efficiency, reliability and availability. In Miodragovic et al (2012) , the effectiveness was defined as total indicator of (2019) 197-204 reliability, maintainability and functionality. This is justified concerning the fact that the availability contains reliability and, thus, these two cannot be analyzed separately. Effectiveness, as a parameter, is very suitable for the analysis of technical systems such as tractors. There are new concepts that use money and costs parameters specially the maintenance cost parameters. According to Plessis (2007) , there are three models of analyzing the costs and equipment service lifetime relation, with the aim of determining the moment of replacement of earthmoving equipment. These methods include the replacement that is primarily done on intuition, age-based replacement and replacement after performing an economic analysis. A machine must be replaced when a supposed frequency of breakdowns becomes so high that the machine is not reliable any longer. Finally, a machine must be replaced when the costs of repair begin to increase the average unit costs of accumulation beyond the minimum ones. For example, equipment manufacturer -Komatsu, has developed a model for determination of time frame for replacement of mining equipment; for the agricultural machines a model for assessment of remaining lifetime on the base of ASABE standard was developed. In any case, complete overview of the tractor lifetime is required as optimization process that synthesizes the cost and reliability (Previati et al 2011) . Agricultural systems demand detailed planning and control of relevant biological, technical, technological and other processes (Mileusnic et al 2010) . Among others, machinery statistics represents a crucial information that influences the agricultural technique management. The adequate data basis of this kind is an initial point for the appropriate decision-making. Miodragovic et al (2012) established the model for effectiveness determination according to fuzzy sets theory utilization. There by the fuzzy sets were used to analyze reliability, maintainability and functionality performances (partial indicators of effectiveness) as well as and for their integration into effectiveness. On the basis of data acquired on various Serbian farms (Tomantschger et al 2011) , the frequency distribution and probability density function of the engine lifetime (up to the overhaul is done) has been obtained. An original mathematical model, which includes the differential Equation with adequate conditions, has been developed for this purpose. It is clear that all the models have, as their base, the reliability i.e. only with the reliable machines the high performance, low working and maintenance costs can be expected. Dalmiş et al (2017) and Ekinci & Çarman (2017) dealt with the tractor efficiency problem. Dalmiş et al (2017) analyzed the effects of materials fatigue on the exploitation parameters of three point hitch tractor system, using the method of finite elements. They also analyzed the effects of some drive tires properties on the improvement of tractive efficiency.
The aim of this paper is the use the experimental data from the field for the working productivity and the lifetime assessment analysis. The idea was to use exploitation data of the two tractor models for showing the methods for lifetime assessment analysis; the first one based on the basic model known from the reliability theory, and the other one based on the ASABE standards specially developed for these purposes. In this way, the verification of the models is done between themselves where the first one is strictly theoretical and the other one is specialized for the situation.
Material and Methods
Reliability engineering is a sub-discipline within system sciences. Reliability within the timedepending systems is defined as a time function R(t) and can have the value between 0 and 1 or between 0 and 100%. Reliability can be also given as the number of successfully finished tasks and the total number of the system tasks ratio. In the case where for every moment of time, a system has all the tasks finished successfully, the reliability is 1 i.e. 100%. In the other case, when R(t 1 )= 0, it can be said that the time t 1 is the end of lifetime. Essentially, for one system can be said that it is at the end of its lifetime when the failure rate (λ) begins to increase rapidly. Failure rate can be defined based on the failure function f(t) as: 2 Reliability engineering is a sub-discipline within system sciences. Reliability within the time-depending systems is defined as a time function R(t) and can have the value between 0 and 1 or between 0 and 100%. Reliability can be also given as the number of successfully finished tasks and the total number of the system tasks ratio. In the case where for every moment of time, a system has all the tasks finished successfully, the reliability is 1 i.e. 100%. In the other case, when R(t1)= 0, it can be said that the time t1 is the end of lifetime. Essentially, for one system can be said that it is at the end of its lifetime when the failure rate (λ) begins to increase rapidly. Failure rate can be defined based on the failure function f(t) as:
Where; Failure probability (unreliability) represented by the following Equation.
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Failure rate is the frequency of fails of a technical system or element. Failure rate is often called as the rapidity of failure. Relation between failure rate and lifetime can be presented in form of diagram ( Figure 1 ). With the technical systems that are not fully worked out in the sense of construction and functionality (produced in pieces such as plants etc.) the above mention relation can be described via so called bathtub curve. This curve is characterized by three periods where during the first period system is in the stage of (1) Where; Failure probability (unreliability) represented by the following Equation.
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Where; β is shape parameter and η is scale parameter.
The mean time to failure (MTTF) was determined with below Equation.
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Weibull function is used due to its parametric shape and the possibilities of the other distribution laws. For the needs of lifetime management, it is very important to precisely define the moment t when system should be withdrawn from engagement (from work). In Figure 1 , this is the moment when failure rate begins to increase rapidly (III period). It is the time period when R(t) function falls down on a certain low point. These two approach are theoretical. In real conditions, technical systems usually have a possibility for some kind of reparation which then complicates these graphical presentations. 
Assessment model of remaining lifetime
Calculation of remaining value (RV n ) as a percentage of the list price for farm equipment at the end of n years of age and after h average hours of use per year using the following equation and the coefficients which depends on the power of the engine on the tractor is shown in Table 1 . Calculation of remaining value (RVn) as a percentage of the list price for farm equipment at the end of n years of age and after h average hours of use per year using the following equation and the coefficients which depends on the power of the engine on the tractor is shown in Table 1 . 
To include the inflation effects, the list price of farm equipment should be multiply by (1+i) n where i is the average annual inflation rate, n is the age of the machine. Machine effectiveness can be defined as a ratio between machine productivity in the real, field conditions and maximum theoretical productivity (ASABE 2009). The effectiveness in the field conditions includes improper usage of machine in sense of its working width, time losses caused by operator itself and field characteristics ( Table 2) . Expenditures are necessary to keep a machine operable due to wear, part failures, accidents and natural deterioration. The costs for repairing a machine are highly variable. Good management may keep costs low. Indices of repair and maintenance costs are shown in ASABE (2009). The size of the machine, as reflected by its list price and the amount of use are factors affecting the costs. Both the use and costs are expressed in an accumulated mode to reduce variability. In times of rapid inflation, the list price must be increased to reflect inflation effects. Accumulated repair and maintenance costs at a typical speed can be determined with the following relationships using the repair and maintenance factors RF1 and RF2 (ASABE 2009) and the accumulated use of the machine (ASABE 2006) .
Where; Crm is accumulated repair and maintenance cost; RF1 and RF2 are repair factors. P is machine price. During rapid inflation, the original list price must be multiplied by (1+i) n , h is the accumulated hours of machine use.
Table 2-Field efficiency, field speed, and repair and maintenance cost parameters
For the model, two time-digressive amortisation methods were used. The first method is the digital digressive amortization. The lowering of the amortisation quotas that are in the arithmetic sequence, can have a value like the amortisation from the last period of usage. (8) To include the inflation effects, the list price of farm equipment should be multiply by (1+i) n where i is the average annual inflation rate, n is the age of the machine. Machine effectiveness can be defined as a ratio between machine productivity in the real, field conditions and maximum theoretical productivity (ASABE 2009). The effectiveness in the field conditions includes improper usage of machine in sense of its working width, time losses caused by operator itself and field characteristics ( Table 2) . Expenditures are necessary to keep a machine operable due to wear, part failures, accidents and natural deterioration. The costs for repairing a machine are highly variable. Good management may keep costs low. Indices of repair and maintenance costs are shown in ASABE (2009). The size of the machine, as reflected by its list price and the amount of use are factors affecting the costs. Both the use and costs are expressed in an accumulated mode to reduce variability. In times of rapid inflation, the list price must be increased to reflect inflation effects. Accumulated repair and maintenance costs at a typical speed can be determined with the following relationships using the repair and maintenance factors RF1 and RF2 (ASABE 2009) and the accumulated use of the machine (ASABE 2006) . 
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Where; a k is amortisation level in the given periods of lifetime; V a is the based amortization, n is usage period as years, and k is current period.
The second method is the geometrical digressive amortization when amortisation quotes are decreasing as elements of the geometrical sequence. Where; ak is amortisation level in the given periods of lifetime; Va is the based amortization, n is usage period as years, and k is current period.
The second method is the geometrical digressive amortization when amortisation quotes are decreasing as elements of the geometrical sequence.
Where; an is amortisation at the end of lifetime period and q is geometrical sequence ratio.
Results and Discussion
In this paper, as an illustrative example of agriculture machinery evaluation for lifetime assessment, the comparative analyses of two tractors, Fendt Vario 920 (A-type tractor) and John Deere 8520 (B-type tractor), are contain. Based on their engagement the following data about the time of failure are obtained. Experimental data collected from "ACB" have also taken into account the time of the specific intervention on the every tractor form. In all four cases, the number of collected data was n<30, so, for the calculation of cumulative distribution function F(t), Median rank (MR) also known as Bernard's approximation, was used (Table 3 ). Concerning the fact that these method are well known, only the reliability and failure rate functions are presented, as well as the mean time to failure values from 13 to 16 Equations, for tractors A1, A2, B1 and B2, respectively. The calculations used well-known tools: median rank, probability plotting paper, last square method and Kolmogorov-Smirnov test. Where; ak is amortisation level in the given periods of lifetime; Va is the based amortization, n is usage period as years, and k is current period.
In this paper, as an illustrative example of agriculture machinery evaluation for lifetime assessment, the comparative analyses of two tractors, Fendt Vario 920 (A-type tractor) and John Deere 8520 (B-type tractor), are contain. Based on their engagement the following data about the time of failure are obtained. Experimental data collected from "ACB" have also taken into account the time of the specific intervention on the every tractor form. In all four cases, the number of collected data was n<30, so, for the calculation of cumulative distribution function F(t), Median rank (MR) also known as Bernard's approximation, was used (Table 3 ). Concerning the fact that these method are well known, only the reliability and failure rate functions are presented, as well as the mean time to failure values from 13 to 16 Equations, for tractors A1, A2, B1 and B2, respectively. The calculations used well-known tools: median rank, probability plotting paper, last square method and Kolmogorov-Smirnov test.
Kolmogorov-Smirnov test (K-S) is the most common method for testing of hypothesis of established distribution law. K-S test compare empirical cumulative distribution function and theoretical function F(t)= 1-R(t), on the base of their distance D n . Necessity is that the distance is less than the critical value D nα , and we can conclude that the data is a good fit with the specified 
Kolmogorov-Smirnov test (K-S) is the most common method for testing of hypothesis of established distribution law. K-S test compare empirical cumulative distribution function and theoretical function F(t)= 1-R(t), on the base of their distance Dn. Necessity is that the distance is less than the critical value Dnα, and we can conclude that the data is a good fit with the specified distribution law. Critical value can be found in the Kolmogorov-Smirnov 
Kolmogorov-Smirnov test (K-S) is the most common method for testing of hypothesis of established distribution law. K-S test compare empirical cumulative distribution function and theoretical function F(t)= 1-R(t), on the base of their distance Dn. Necessity is that the distance is less than the critical value Dnα, and we can conclude that the data is a good fit with the specified distribution law. Critical value can be found in the Kolmogorov-Smirnov table. The largest distance in presented case study is for tractor B1 and for data i= 6: Dn= 0.15976. For the given example (tractor B1) that contains n= 22 data, according to K-S test for goodness of fit, the acceptable difference between empirical and theoretical value is: Dn;α= D22;0. 
Conclusions
Technical systems lifetime assessment is very complex and responsible task. Practically, it is not possible to precisely define the lifetime assessment parameters but only to give their estimation regarding the precisely defined technical system working conditions. In this paper, two models for analyzing the tractor lifetime assessment are presented. Models are presented on the theoretical level but are developed thorough the case study. The first one is theoretical and it is based on reliability theory and the other one is special and is based on the ASABE standards. This standard uses empirical data and data about the working conditions, working regimes to give the estimated period of tractor usage. Results show that reliability theory confirms the results and their tendencies obtained by the ASABE standards. In this way, both models are verified. This is of a great practical contribution since one of the models is of a practical and the other of the empirical nature. Conclusions can be summarized in the next two statements: reliability and availability are decreasing through the time while the maintenance expenses are increasing. For each and every machine and working environment, the moment when the reliability as intense decrease and expenses intense increase, can be determined based on the proposed model. Results show that these two moments are very close to each other.
